Bacterial lipopolysaccharide (LPS) induces interferon (IFN) secretion and an antiviral state in murine peritoneal macrophages (PM). These cells secrete predominantly IFN-,, as 
IFN-y, suggesting that this cytokine may elicit such specific response only in PM. IFN-Il mRNA is undetectable in untreated RAW 264.7 cells, and accumulation of this mRNA is induced by LPS but not by IFN--y. The secretion of IFN induced by these agents in PM and by LPS in RAW 264.7 cells and the corresponding accumulation of IFN-|I mRNA are blocked by an inhibitor of protein kinase C, staurosporine. The activity of this kinase is apparently necessary to stimulate accumulation of IFN-j8 mRNA. The induction of IFN-l by IFN-,y appears to be a characteristic response of PM and may be at least in part responsible for the resistance of these cells to viral infections.
Viruses do not multiply in freshly explanted murine peritoneal macrophages (PM). Therefore, viral dissemination in vivo may be limited in these cells, which have a relevant role in the defense against infections (23) . Intraperitoneal injection of anti-IFN-a/, antibodies prior to PM harvesting allows virus multiplication, suggesting that these cells are maintained in an antiviral state by endogenous interferon (IFN) (4) . The PM can transfer resistance to viral infections to cocultivated cells (25) , but anti-IFN antibodies inhibit this transfer (3, 25) . Furthermore, PM cultured for 3 to 5 days become permissive to infecting viruses (25) . The loss of virus resistance in these aged PM is correlated with a decrease in the level of IFN-induced 2'-5'-oligoadenylate synthetase activity (25) Hybridization assay. Total cellular described (7) . To synthesize complementary we inserted a 648-base-pair BamHI-PstI IFN-3 cDNA clone (17) into pGEM-1 plasmid pGEMm,3 obtained was transcribed as described (12 (28) , secretion of IFN was inhibited -80%. In agreement with this finding, accumulation of MuIFN-, mRNA was inhibited in PM treated with MuIFN--y and staurosporine (Fig. 2C) . Secretion of IFN was also inhibited in RAW 264.7 cells treated with this inhibitor and LPS. In this experiment, 3 nM staurosporine was added 1 h before LPS to RAW 264.7 cells that were then infected with VSV as described in Table  2 . The antiviral activity of LPS was completely abolished (data not shown), and transcription of MuIFN-, mRNA was drastically inhibited by staurosporine (Fig. 2C) .
W7, an inhibitor of calcium-calmodulin-dependent protein kinases (16) , and calcium depletion have been reported to block the expression of HLA class II molecules induced by IFN--y in promyelocytic HL-60 cells (21) . These findings suggest that some activities of IFN--y are mediated by calcium influx and activation of calmodulin-dependent kinases (21) . However, W7 had no effect on the stimulation of IFN secretion by LPS in PM and RAW 264.7 cells (data not shown) and did not significantly decrease the accumulation of MuIFN-,B mRNA in RAW 264.7 cells (Fig. 2C) . This observation suggests that the accumulation of MuIFN-1 mRNA induced by LPS is specifically blocked by PKC inhibitors.
DISCUSSION
There is increasing evidence that IFNs are constitutively expressed under some conditions in normal humans (29) , rabbits (6) , and mice (3, 4, 9-11, 13, 19, 25 MuIFN-P mRNA in PM provide a plausible explanation for the resistance of these cells to virus infection (23) and for the induction of an antiviral state in cocultivated cells (25) , since translation of this mRNA may result in IFN secretion. However, we were unable to reproducibly recover IFN in the culture medium of PM (25) , in spite of reports that these cells release small amounts of IFN in vitro (9, 24) .
Macrophages produce IFN in vitro when treated with endotoxin, polysaccharides, and polyanions, which are ineffective in inducing IFN synthesis in other cells (15) . These agents may be involved in stimulating IFN production in vivo, but LPS is likely to play a major role, since freshly explanted PM from LPS-hyporesponsive mice do not induce an antiviral state in cocultivated cells (11) . These PM are nonpermissive for VSV when first placed in culture, but they become permissive with time (11) and lose resistance to VSV after 2 days in culture (30) . Therefore, spontaneous secretion of IFN by PM is correlated with their capacity to produce IFN after stimulation with LPS in vitro (11) .
In this investigation, we have examined the effect of LPS and MuIFN--y on the production ofIFN by PM in vitro. LPS, MuIFN--y, or both promoted MuIFN-3 secretion and accumulation of the corresponding mRNA in PM. This response to IFN--y is apparently specific for PM, since RAW 264.7 cells were stimulated only by LPS. However, the RAW 264.7 cells were quite sensitive to IFN--y, as shown by the induction of an antiviral state ( Synthesis of new proteins is now required for the response of PM to LPS and MuIFN--y, since MuIFN-4 mRNA is superinduced in the presence of cycloheximide. This primary response may be due to an enhancement of a basal level of transcription or to a stabilization of IFN-3 mRNA, both of which would result in accumulation of this mRNA. Nuclear runoff experiments with PM would be needed to prove that LPS enhances the transcription rate. However, LPS induced de novo synthesis of MuIFN-P mRNA in RAW 264.7 cells. This finding leads us to favor the hypothesis that LPS induces transcription of this mRNA also in PM. Furthermore, LPS and MuIFN--y synergistically stimulated the production of IFN-P in PM and it seems possible that even low concentrations of these agents, possibly in combination with other lymphokines, are responsible for inducing PM to transcribe IFN mRNA in vivo.
It seems unlikely that macrophages are exposed to LPS in the peritoneal cavity, but PM may be stimulated by LPS or by its degradation products in the intestinal lymphatic system and then migrate into the peritoneum. LPS induces transcription of mRNAs for lymphokines, such as tumor necrosis factor and interleukin-1, in macrophages (5). Furthermore, IFN--y enhances transcription of the mRNAs for tumor necrosis factor and interleukin-1 in PM (8) . These lymphokines may synergistically stimulate IFN-P production by autocrine or paracrine mechanisms.
Transcription of the IFN-P gene is controlled by the interaction of protein factors with positive and negative regulatory sequences of its promoter (20) . Upon addition of double-stranded RNA, at least one protein is modified and transcription is activated (20 
